Nghién ctru khoa hoc cong nghé

MOI QUAN HE GIUA HAM LUQGNG NHOM ISOCYANAT TRONG
PREPOLYME VOI MOT SO TiNH CHAT CUA LOP PHU POLYUREA

PAO KIEN CUONG ‘, NGUYEN VAN VINH ’, PANG MINH THUY
1. MO PAU

L&p phu polyurea hién nay duoc g dung rong rai trong cong nghiép va xay
dung chu yéu 1a polyurea thom st dung chat dong ran diisocyanat thom (vi du,
MDI, TDI...) c¢6 kha ning chong chiu thoi tiét kém. Lop phu thom dé bi 6 vang va
bong tréc sau khi str dung ngoai trdi, didu nay s& anh huong dén do bén co hoc, tudi
tho, ciing nhu hiéu qua trang tri cia n6. Do d6, dé cai thién tinh bén 4nh sang va kha
ning chdng chiu thoi tiét, 16p phi polyurea dugce nghién ctru tng hop dua trén
isophoron diisocyanat (IPDI). IPDI la mot diisocyanat béo, lai c6 hai nhém
isocyanat c6 hoat tinh phan ing khac nhau s€ lam gidm ty 1¢ monome khong mong
mudn va san phém thu duoc c6 dd nhot thép hon, cai thién kha nang xt 1y k¥ thuat
khi phun [1].

L&p phi phun polyurea duge diéu ché bﬁng qué trinh trung hop hai bude [1, 2,
3,4,5]. Pau tién, prepolyme dugc diéu ché biang phan ung giita isophoron
diisocyanat (IPDI) du va polypropylen glycol (PPG), khi d6 prepolyme s& bao gom
oligome va mot phan monome IPDI du.
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Hinh 1. Phan ng tao oligome

Budc tht hai, tron prepolyme véi hon hop polyetheramin véi ty 16 mol NCO :
NH, = 1: 1 bang may phun &p luc cao Graco-My tao nén 16p phu polyurea (hinh 2).

Muc dich sir dung prepolyme dé kiém soat va tao ra su sap xép dong déu mot
phan cua 16p phu trudc khi phun, béi vi hai thanh phan chi tiép xtc ¢ dau sing
phun, thoi gian tiép xuc chi tinh bang gidy nén néu sir dung monome s& khong tao
dugc 16p phi ddng nhit ciing nhu khong thé dam bao ty 18 thé tich va ty 18 mol giira
nhém chirc isocyanat va nhém amin (NCO : NH,) 1a 1:1. Hon nira vi thanh phan
isocyanat turong ddi doc hai, nén phai tao prepolyme dé giam thiéu qua trinh bay hoi
clia monome trong qua trinh phun véi ap suat hoi cao, han ché anh huong dén stc
khde ctia nguoi lao dong [6].

CAu tric polyurea bao gdm hai mién riéng biét: mién cimg duoc hinh thanh
boi cac lién két uré phéan cyc (-NH-CO-O-), mién mém gdm cac doan polyme mach
thang, dai (hinh 2). Mlen cung va mién mém lién két xen k& v6i nhau bang lién két
hydro duya trén xuong séng polyoxypropylen glup polyurea c6 nhiing tinh chit co
hoc quan trong nhu d6 ctimg va do bén kéo cao, dong thoi lai déo dai, d6 gidn dai t6t [7].
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Hinh 2. Tong hop polyurea bang prepolyme tir IPDI

Thanh phan prepolyme nén c6 ham lwong nhom NCO khoang 10 % dén
khoang 19 % véi sb nhom chtre 13 2 [8]. Prepolyme v6i ham luong NCO thép, c6 do
nhét cao s& kho khin trong khi phun, nhung cho do dan hdi t6t va phan ung cham
hon, nguoc lai néu ham lugng NCO cao thi d¢ nhdt thép hon, diéu nay tdt cho su két
hop hiéu quéa cta hai thanh phan, 1am ting d6 cimg va do bén kéo, tuy nhién, co
nguy co gay gion cho 16p phu. Co thé n6i ham lugng NCO trong prepolyme co ¥
nghia rat quan trong dén tinh chit co Iy cta 16p pha. Bai bao nay trinh bay nghién
ctru anh huong ciia ham lugng NCO trong prepolyme dén mot sb tinh chat co 1y
nhu: d6 nhét ctia prepolyme, do bén kéo, gidn dai va do ctg cua 16p phi polyurea.

2. THUC NGHIEM

2.1. Héa chit thi nghiém

- Isophoron diisocyanat: M=222 g/mol, ham luong nhom NCO 37,5%, khéi
lwong riéng 1,055 g/em’ (20°C), d nhét 10 cP (25°C), Puc;

- Polypropylen glycol: M~2000 g/mol, chi sé hydroxyl 54,7-57,5 mg KOH/g,
dd nhot 335-370 cps (25°C), trong lugng riéng 1,01, Puc;

- Polyetheramin: M~2000 g/mol, chi sb hydroxyl 54,5-57.6 mg KOH/g, do
nhdt 325-365 cP (25°C), ti trong 1,01 g/cm3 (20°C), brc;

- Diethyl toluen diamin (2,4 diethyl-6-methylbenzen-1,3-diamin): M=178,28
g/mol, duong lugng voi isocyanat 89,1 g/eq, ti trong 1,022 g/cm3 (20°C), brc;

- Cyclohexanon: d¢ tinh khiét > 99%, Merck;
- Dietylamin: d6 tinh khiét > 99%, Merck;

- HCI: d6 tinh khiét > 99%, Trung Qudc;

- NaOH: d6 tinh khiét > 99%, Trung Qudc;

- Ethanol: d¢ tinh khiét > 99%, Trung Québc.
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2.2. Thiét bi va dung cu

- Can ky thuat PNJ 12000-1M Kern: pham vi 0 - 12 kg, d6 chia 100 mg;

- Can phan tich EX224 Ohaus: dai do 0 - 220g, kha nang doc 0,0001g;

- May khudy co FD (Trung qudc) c6 toc do quay 0 - 6000 vong/phut;

- Bép dién TC-15 nhiét do 0 - 200°C;

- Pong ho do d6 ctig Shore LX-A: pham vi do 0 -100 HA;

- May phun hai thanh phan Graco E-10 hp (M§): 4p suét phun t6i da 3000 psi,
nhi¢t 6 gia nhiét toi da 77°C;

- Méy do d6 nhot SH480 TQC Shen (Ha Lan): thang do 200 - 5000 cP;

- May do d6 bén kéo Zwick/Roell Z010 (Dtc): luc kéo tdi da 10 kN.

2.3. Ché tao polyurea

2.3.1. Chudn bj prepolyme

Prepolyme dugc diéu ché bang cach nhu sau: cho dung dich monome IPDI (ham
luong 37,5% NCO) vao binh phan Gmg co thiét bi gia nhiét, duoc trang bi canh khuay
co khudy vdi toc do 300-400 vong/phit. Trong moi truong khi tro, lam nong dung
dich IPDI dén 60 °C r6i cho 7t£r tr dung dich PPG vao. Khi PPG dugc cho vao hét, tiép
tuc khudy thém 6 gio nira d€ thu dugc prepolyme. Ti 1¢ IPDI va PPG duoc di€u chinh
khac nhau d€ thu dugc ba dung dich prepolyme v6i ham lugng isocyanat: 11% NCO,

15% NCO, 19% NCO. Ham luong % nhém NCO dugc xac dinh bang phuong phap

chuan do [9]. Prepolyme phai dugc luu trit trong moi trudong khi tro, tranh hoi am.

2.3.2. Chudn bj I6p phii polyurea

Thanh phan nhya polyamin bao gdm hdn hop polyetheramin (M~2000),
diethyl toluen diamin dugc tron voi nhau. Prepolyme va polyamin theo ti I¢ mol
NCO: NH; = 1:1, dugc cho vao hai khoang riéng biét cua may phun ap lyc cao
G~raco. Thiét bi phun cé bd phén tao ap suat va gigl nhiét, dugc trang b1 sung phlgn
hon hop xung luc GX-8. Thi‘ét bi duoc gia nhié‘g dén 70-75°C, qhiét d(f)’ ong day dan
duy tri ¢ 70-75°C. Thanh phan A va B trong thiét bi voi ty 1¢ the tich c6 dinh 1: 1 s&
duoc tron tuc thi trude khi phun ¢ dau sung, va dugc phun ra véi ap suat khoang
2000-2500 psi tao thanh 16p phu polyurea.

Hinh 3. May phun hai thanh phan Graco E-10hp (M¥)
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2.4. Phwong phap nghién ciru
2.4.1. Phwong phdp chuén dp dé xdc dinh ham luwong nhém NCO [9]

Lay tir 1-1,5g dung dich prepolyme, c4n chinh xac dén 0,0002g bang can phan
tich, cho vao binh tam gidc c6 nap day dung tich 250ml. Hoa tan dung dich son
trong 20ml cyclohexanon, tiép d6 thém 5ml dung dich dietylamin 2N. Sau 5 phut,
thém bang buret 30ml dung dich HCI 0,5N va 25 ml ethanol. Thém vao 15-20 giot
chét chi thi bromphenol xanh. Lugng du HCI chuédn d6 véi dung dich 0,5N NaOH
trong ethanol cho dén khi dung dich xuit hién mau xanh da troi. Tién hanh dong
thoi thi nghiém déi ching.

Ham luong nhém NCO (%) dugc tinh theo cong thirc:

(a—b).K.T.100

9% NCO = (1)

Trong do:

a- Thé tich dung dich 0,5N NaOH trong ethanol khi chuan do trong thi nghiém
¢6 dung dich son, ml

b- Thé tich dung dich 0,5N NaOH trong ethanol khi chuin d6 thi nghiém dbi
chung, ml

K- hé sd hiéu chinh vé d6 chuén caa dung dich 0,5N NaOH trong ethanol

T- d6 chuan Iy thuyét ctia nhém NCO = 0,021

g- khéi luong dung dich son, g

2.4.2. Phan tich phé hong ngogi xdc dinh thanh phin nhém chirc

Mau IR duoc do trén may Frontier tai Vién Han Lam Khoa hoc va cong ngh¢
Viét Nam.

2.4.3. Phwong phap xdc dinh d¢ nhot

Dung cu dua trén phuong phap KREBS truyén thong: téq do khong déi (200
vong/phit) va mét truc quay duy nhat. B vi xu ly ty dong chuyén doi phép do dugce
hién thi lién tuc trong bd chon: KU, cP. Trong 9hé d6 Manual, cac p7hirp Up va
DOWN di chuyén truc chinh t6i vi tri yéu cau. Nhan START va STOP @¢ bat dau do
va dimng quay dong co.

2.4.4. Phwong phap xdc dinh dj cirng shore A theo TCVN 1595:1988 [10]
2.4.5. Phuwong phdp xdc dinh dj bén kéo va dp gian dai [11]

Dé do d6 bén kéo dat, s dung thiét bi Zwick/Roell 2010 bang phuong phap
ASTM D412. Cac mau thir hinh qua ta phai duoc duc hodc cit tir mot tim phing cd
do day khong nhé hon 1,3 mm (0,05 in.) cling khong day qua 3,3 mm (0,13 in.).

D bén kéo dugc tinh theo cong thirc:
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Trong do:

TS = d6 bén kéo diit, MPa;

F(ggy = d0 16n lyc khi duat, MN;

A= dién tich mit cit ngang cua miu thir, m*
3. KET QUA VA THAO LUAN

3.1. Ph6 hong ngoai ciia prepolyme

Tién hanh do phd hong ‘ngoai cia dung dich monome IPDI ban dau va dung
dich prepolyme 15% NCO dé xac dinh sy hinh thanh oligome. Két qua chyp pho
hdng ngoai dugc thé hién & hinh 4. Pic ¢ 3500 cm™ dic trung cho lién két N-H trong
isophoron diamin chua phan tmg hét (do IPDI dugc didu ché tir isophoron diamin);
pic ¢ 3304 cm™ dic trung cho lién két N-H trong nhém urethan (OCONH); pic &
3023 cm™, 3005 cm™ déc trung cho 18n két Csp”-H; pic & 2915 cm™, 2881 cm™ dac
trung cho 1én két C-H trong CHy; pic & 2274 cm™, 2269 cm™ dic trung cho lién két
N=C=0; pic & 1720 cm™" dic trung cho lién két C=0 [12].

Ph6 hdng ngoai ctia prepolyme da xuat hién lién két N-H trong nhom urethan
(OCONH) con phd IR ctia monome IPDI thi khong, didu nay ching to trong
prepolyme da hinh thanh oligome. Ca hai ph6 déu xuat hién nhém NCO tuy nhién
cuong do ciia prepolyme da giam di rat nhiéu do mot phan monome IPDI di phan
ung voi PPG tao thanh oligome.
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Hinh 4. Pho hong ngoai ciia monome IPDI va prepolyme 15% NCO
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3.2. Anh hwéng ciia ham lwong NCO dén d nhét ciia prepolyme

Pé nghién ctru anh huéng cia ham lugng nhom NCO dén do nhét cua
prepolyme, ba dung dich prepolyme c6 ham lugng nhom NCO 1a 11%, 15%, 19%
dugc chon 1a nhing gia tri phd bién nhit duoc s dung trong san xuat polyurea.
Hinh 5 cho thay sy phu thudc ctia do nhét cua prepolyme vao ham luong nhoém
NCO ¢ 20°C.
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Do nh

Prepolyme bao gém oligome va monome isocyanat nén khi ham luong cia
nhém NCO ting tirc 1a lwong monome isocyanat ting 1én va oligome giam xudng,
dd nhdt cua prepolyme giam. Sy phu thudc nay la do monome isocyanat trong
truong hop nay hoat dong nhu mat chit pha loang. O nhiét do 20°C, do nhét cua
thanh phan amin 1a 300-400 cP, trong truong hop nay, chi thanh phan isocyanat co
ham lugng nhom NCO 19% méi c6 thé duoc st dung dé thu dugc polyurea. Trong
hai trudng hop con lai, can phai diéu chinh d6 nhét bang cach gia nhiét.

Hinh 6 cho thay su thay d6i d6 nhét cua prepolyme véi ham lwong nhéom NCO
khac nhau khi nhiét d tang dan. Trong khoang nhiét do 70 - 80°C, d6 nhdt cua
prepolyme giam dang ké véi gia tri ban dau. Sy giam d6 nhét cua cac prepolyme
xay ra voi cuong do khac nhau, va & nhiét 46 80°C, gia tri d0 nhdt cua tat ca cac
thanh phan thuc té 13 gin nhu nhau.

Do nhét voi ham lwong 11% NCO khé cao, phai ton kha nhiéu thoi gian dé gia
nhiét, kho khan hon trong khi phun, con ham luong 15% NCO va 19% NCO c6 4o
nhot phu hop hon cho ing dung phun. Tuy nhién ham lugng 19% NCO sé& chtra
monome isocyanat nhiéu hon dang ké, anh huéng dén stc khoe ngudi lao dong. Vi
vay ham lugng 15% NCO trong prepolyme 1a hgp ly hon trong ting dung phun
polyurea.
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Hinh 6. Anh huéng ciia nhiét d6 dén do nhdt cta prepolyme
v6i ham lugng nhom NCO khéac nhau

3.3. Panh gia mdt s6 tinh chit co 1y ciia polyurea

Sau khi phun, tién hanh chup phd hong ngoai cia PUA2, polyetheramine
(M~2000) va polyurea (hinh 7). Amin bac mét tao ra hai pic hap thu kéo dai ¢ 3557
cm™! va 3368 cm™. Pic & 3318 em™ dic trung cho lién két N-H (amin bac 2); pic &
3005 cm™ ddc trung cho 1én két Csp>-H, pic ¢ 2974 cm™, 2915 cm™, 2881 cm™ diic
trung cho 1én két C-H trong CHj; pic ¢ 2274 gm'l dac trung cho lién ket N=C=0;
pic 31718 em™, 1720 cm™ dic trung cho lién két C=0 [12-13].
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1- polyetheramin; 2- prepolymer 15% NCO; 3- polyurea
Hinh 7. Ph hong ngoai ciia polyetheramin, PUA2 va polyurea
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Tir hinh 7 chiing ta thay, ph6 hong ngoai ciia polyurea da khong con xuat hién
lién két N-H (amin bac 1) va lién két N=C=0, diéu nay chimg t6 prepolyme va hdn
hop polyetheramin da phan tmg hét. Cuong do cua lién két N-H (amin bac 2) cia
polyurea cao hon trong prepolyme vi ngoai lién két N-H trong nhém urethan
(OCONH) con hinh thanh thém lién két N-H trong nhom Urea (NHCONH).

Tinh chét co 1y ciia polyurea thé hién ¢ hinh 8 va cu thé trong bang 1.
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Hinh 8. Tinh chét co 1y ctia polyurea phu thudc vao ham lugng nhém NCO

Ham lwong nhom NCO ting tir 11% dén 19% thi d6 bén kéo ting tir 9,1 MPa
dén 13,2 MPa va do ctng shore A ting tir 85 dén 95. Ham lugng NCO trong
prepolyme tang do ham luong oligome giam va monome tang Ién, dan dén mién
cting trong polyurea ting, s& lam do bén kéo va do cimg cao hon. Tuy nhién, d6 gidn
dai khi dat cia mang polyurea ting 1én khi ham lugng NCO giam tir 19% xudng
11%. Piéu nay 1a do anh huong cua PPG - phian doan mém trong oligome.
Prepolyme c6 ham lugng NCO thip hon, s& ¢ ham lugng oligome ting, s& lam ting
phan doan mém khién d6 gidn dai ciia mang polyurea ting 1én. Vi du, d6 gidn dai
cta polyurea dua trén 11% NCO 1a 158% va 19% NCO la 108% [14].

Bang 1. Anh huéng ham lugng nhém NCO trong prepolymer dén mét s6 tinh chét

co 1y polyurea
Chi tiéu 11% NCO 15% NCO 19% NCO
Do bén kéo, MPa 9,1 12,3 13,2
Do gian dai, % 158 144 108
Do cing shore A 85 89 95

4. KET LUAN

Polyurea dugc ché tao dua trén prepolyme v6i ham lugng NCO khac nhau (11%,
15%, 19%) va hon hop nhya amin theo ty 1€ thé tich va ty 1€ mol NCO : NH; = 1: 1 boi
méy phun Graco. Mdi quan hé ciia ham lwong NCO dén mét vai tinh chét co 1y cua
mang polyurea di dugc nghién ctru. Két qua cho thiy do nhét, do gidn dai ting khi ham
luong NCO giam tir 19% xudng 11%, nguoc lai dd bén kéo, do cimg giam xudng.
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SUMMARY

RELATIONSHIP BETWEEN THE CONTENT OF THE NCO GROUP
IN PREPOLYMER AND PHYSICOMECHANICAL PROPERTIES
OF POLYUREA COATING

Polyurea is prepared from a prepolymer based on isophorone isocyanate and a
polyamine mixture, a volume ratio and molar ratio of NCO:NH, = 1:1. The
relationship between the content of NCO group in the prepolymer and some
physicomechanical properties of polyurea has been studied; when the NCO group
content decreases, the elongation increases, the hardness and tensile strength
decrease, is caused the influence of the soft segment (PPG) in the prepolymer when
the soft segment increases, the polyurea film becomes more flexible and elastic.

Keywords: Prepolymer, polyamine, polyurea, ham lwong nhom NCO, tinh
chat co' Iy.
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